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Abstract

Background: Intensive treatment has been repeatedly recommended for the treatment of speech deficits in childhood
apraxia of speech (CAS). However, differences in treatment outcomes as a function of treatment intensity have not
been systematically studied in this population.
Aim: To investigate the effects of treatment intensity on outcome measures related to articulation, functional
communication and speech intelligibility for children with CAS undergoing individual motor speech intervention.
Methods & Procedures: A total of 37 children (32–54 months of age) with CAS received 1×/week (lower intensity)
or 2×/week (higher intensity) individual motor speech treatment for 10 weeks. Assessments were carried out
before and after a 10-week treatment block to study the effects of variations in treatment intensity on the outcome
measures.
Outcomes & Results: The results indicated that only higher intensity treatment (2×/week) led to significantly better
outcomes for articulation and functional communication compared with 1×/week (lower intensity) intervention.
Further, neither lower nor higher intensity treatment yielded a significant change for speech intelligibility at the
word or sentence level. In general, effect sizes for the higher intensity treatment groups were larger for most
variables compared with the lower intensity treatment group.
Conclusions & Implications: Overall, the results of the current study may allow for modification of service delivery
and facilitate the development of an evidence-based care pathway for children with CAS.

Keywords: childhood apraxia of speech, treatment intensity, developmental motor speech disorders, speech intelligi-
bility, speech–sound disorder, functional outcomes.

What this paper adds?
What is already known on the subject?
More intensive treatment has been recommended for the treatment of speech deficits in CAS. However, differences
in treatment outcomes related to articulation, functional communication and speech intelligibility as a function of
treatment intensity have not been systematically studied in this population.
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What this paper adds?
Findings from this study indicate that only higher intensity treatment (2×/week) yields significant outcomes and larger
effect sizes for articulation and functional communication compared with 1×/week (lower intensity) intervention.
Further, neither lower nor higher intensity treatment yielded a significant change for speech intelligibility at the word
or sentence level. These findings may allow for modification of service delivery and facilitate the development of an
evidence-based care pathway for children with CAS.

Introduction

Clinical management of childhood apraxia of speech
(CAS) is challenging at many levels. These challenges
extend from the aetiology and definition of CAS to
the type, intensity, frequency and amount of treatment
required to produce satisfactory outcomes. The aeti-
ology of CAS is unknown, but it has been suggested
to be a neurological sensorimotor based speech–sound
disorder (SSD) subtype with a disruption of neurophys-
iological processes at the level of speech motor plan-
ning and/or motor programming of speech movement
sequences (American Speech–Language–Hearing Asso-
ciation (ASHA) 2007, Caruso and Strand 1999). Since
there are no definitive diagnostic markers that differenti-
ate CAS from other SSDs (ASHA 2007), researchers and
clinicians use a consensus approach to CAS diagnosis
based on the presence of several behavioural characteris-
tics typical of CAS. These characteristics are described in
a position paper (ASHA 2007) and include inconsistent
speech errors on repeated productions, lengthened and
disrupted coarticulatory transitions and inappropriate
prosody (ASHA 2007, Strand et al. 2006).

Based on the premise that the underlying issue(s)
in CAS may be limitations in speech planning and
motor programming, various researchers have recom-
mended the use of motor learning principles (e.g., pro-
duction frequency, conditions of practice, type and fre-
quency of feedback etc.) in the treatment of CAS to
address the disorder at its presumed origin (Edeal and
Gildersleeve-Neumann 2011, Maas and Farinella 2012,
Maas et al. 2012). As pointed out by Maas et al. (2012),
although there are several studies in the speech and non-
speech literature carried out in the adult population
to support the use of the principles of motor learning
(PML), there is limited empirical data that have veri-
fied the value of PML in CAS treatment. To date, only
PML variables related to the amount of practice (pro-
duction frequency; Edeal and Gildersleeve-Neumann
2011), practice schedule (random versus blocked prac-
tice; Maas and Farinella 2012), and feedback frequency
(high-frequency versus low-frequency feedback; Maas
et al. 2012) have been explicitly tested in the CAS pop-
ulation via single-subject experimental designs.

Edeal and Gildersleeve-Neumann (2011) demon-
strated that the amount of practice is positively cor-
related with treatment outcomes in children with CAS,

wherein greater amounts of practice (approximately 150
trials per session) improved speech–sound accuracy, re-
tention and transfer relative to lesser amounts of practice
(30–40 trials per session). The results of other studies
testing PML variables in the CAS population have been
mixed. For example, in Maas and Farinella (2012), ut-
terance accuracy improved in two of four participants
under the blocked practice condition relative to the ran-
dom practice condition. In contrast, for another partic-
ipant, there was a consistent advantage for the random
over the blocked practice condition. Similarly, in Maas
et al. (2012), a reduction in the frequency of augmented
clinician-provided feedback (i.e., feedback provided in
approximately 60% of all trials; low-frequency condi-
tion) enhanced learning in only two of four participants
with CAS. One participant demonstrated an advantage
for 100% feedback (high-frequency feedback condition)
and one participant showed no clear preference for either
feedback condition. These findings suggest that not all
PML manipulations can be extrapolated from the motor
learning literature based on adult studies and applied in
the treatment of SSDs in the CAS population (Maas et
al. 2012).

Current study

Another PML variable that is often cited as a critical fac-
tor for motor learning is treatment intensity (Edeal and
Gildersleeve-Neumann 2011). ASHA (2007) indicates
that there is preliminary evidence to support the pro-
visioning of more intense treatment (i.e., three to five
individual sessions/week) for CAS as opposed to less
intense (1–2×/week) service delivery formats (Hall et
al. 1993, Skinder-Meredith 2001, Strand and Skinder
1999). Although intensive treatment has been repeat-
edly recommended for the treatment of speech deficits
(Maas et al. 2008, Strand et al. 2006), differences in
treatment outcomes as a function of treatment intensity
have not been systematically studied in the CAS popula-
tion. Treatment intensity has a direct impact on service
delivery and, as a consequence, has serious logistical and
economic ramifications for caregivers, insurance compa-
nies and policy-makers. Typically, three to five individ-
ual sessions/week have been referred to as high-intensity
treatment in the literature (ASHA 2007, Hall et al. 1993,
Skinder-Meredith 2001, Strand and Skinder 1999), but
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current service delivery models in Ontario, Canada, al-
low only for one or two individual treatment sessions per
week for children with SSDs. The current study works
within the existing service delivery model in Ontario
to assess speech and functional outcomes in a group of
children with CAS subsequent to 1×/week (lower in-
tensity) or 2×/week (higher intensity) individual motor
speech treatment. In doing so, it aims to contribute to
the limited corpus of treatment efficacy literature in this
hard-to-treat speech disorder (ASHA 2007).

Research questions
� What are the effects of treatment intensity on

outcome measures (related to speech production,
speech intelligibility and functional communica-
tion) for children with CAS undergoing individ-
ual motor speech intervention?

� What is the magnitude of change as a function of
treatment intensity across outcome measures for
children with CAS undergoing individual motor
speech intervention?

Methods

Participants

Children who presented with CAS features were
extracted from a larger data set of 85 pre-school age chil-
dren with SSDs who participated in a Ministry of Chil-
dren and Youth Services (Province of Ontario)-funded
research study. All 85 children had English as the pri-
mary language spoken at home and met several inclusion
and exclusion criteria to participate in the larger research
study. Inclusion criteria included prerequisite skills (so-
cial, play and attention skills) for direct speech interven-
tion (clinical observation by a certified Speech-Language
Pathologist (SLP) experienced in working with this
population), hearing and vision within normal limits
(parent reports), mild or greater delays in expressive
language with age-appropriate or near age-appropriate
receptive language, moderate to profound SSD severity
and presence of indicators for motor speech involvement
(e.g. vowel and consonant distortions, lateral jaw slid-
ing, inappropriate jaw excursion, decreased lip round-
ing and retraction). Participants were excluded if they
showed any signs and symptoms suggesting (1) global
motor involvement (e.g. cerebral palsy), (2) presence of
autism spectrum disorders, (3) presence of oral structural
deficits (tongue, lips, palate), (4) presence of feeding im-
pairments, or (5) presence of significant drooling. These
exclusionary assessments were based on clinical referral
forms, parental reports and clinical observation by an
experienced and certified SLP.

To identify participants with CAS, especially in the
absence of clear-cut diagnostic markers or the availability

of standardized assessment procedures for the diagno-
sis of CAS, clinical expert opinion remains the current
accepted procedure (Maas et al. 2012, McCauley and
Strand 2008, Shriberg et al. 1997, 2011). For the present
study, an independent SLP (not providing assessment or
treatment; SLP 1) with expertise in developmental mo-
tor speech disorders including CAS, screened all partic-
ipants using a behavioural checklist specific to CAS that
focused on three key areas: general motor control, seg-
mental and supra-segmental features (see appendix A).

The CAS checklist used in the present study is a
modified version of the behavioural criteria for CAS
diagnosis as reported by Shriberg et al. (2011: 494). Ad-
ditional items such as inconsistent production, limited
variety of speech movements and preference for well-
rehearsed sound sequences/words were included based
on clinical features reported in the 2007 ASHA Tech-
nical Report on CAS (ASHA 2007), a careful review of
the literature (Crosbie et al. 2005, Maassen et al. 2010,
Maassen 2002, Ozanne 2005, Strand et al. 2006), a Min-
istry of Child and Youth Services Motor Speech Work-
ing Group document (February 2009), and through
collaborative consultations with several researchers and
clinicians with expertise on CAS. The original checklist
reported by Shriberg et al. (2011) had a 40% (four of 10
features) cut-off for CAS categorization. Since the cur-
rent check list contained additional features with some
features weighted more strongly (e.g. groping is counted
twice: (1) as a feature characterizing difficulty achieving
initial articulatory configurations and (2) as the result
of increasing length and complexity of utterance) it was
decided to raise the cut-off point to a more conservative
value of 58% for a positive CAS classification.

That is, for a positive CAS classification, at least
seven of 12 (58%) features listed in appendix A must
be present in three or more of the five assessments
tasks. SLP 1 completed the CAS checklist based on
video/audio recordings containing syllable repetition
and sequencing tasks (Kaufman Speech Praxis Test;
Kaufman 1995), word-level spontaneous picture la-
belling task (Goldman–Fristoe Test of Articulation, 2nd
Edition—GFTA-2; Goldman and Fristoe 2000), word
and phrase-level repetition tasks (Children’s Speech In-
telligibility Measure—CSIM; Wilcox and Morris 1999;
and Beginner’s Intelligibility Test—BIT; Osberger et al.
1994), and perceptually from a spontaneous speech sam-
ple, where available.

Using these procedures, 37 children (females = 9;
males = 28; age range 32–54 months; mean = 40.22
months, SD = 5.60 months) were identified as having
CAS from a larger data set of 85 pre-school age children
who presented with moderate to profound SSDs with
motor speech difficulties. The remaining 48 children did
not meet specific criteria for CAS (i.e. scored < 58%
on the checklist; see appendix A). The percentage of
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participants with CAS (37/85 = 43.5%) is much higher
than that reported in the literature for children with gen-
eral speech delays (3.4–4.3%; ASHA 2007). This differ-
ence can be attributed to the fact that we were working
with a subpopulation of children with speech delays who
also demonstrated motor speech involvement.

To establish robustness of the CAS classification
across raters and clinical methods, a second SLP (SLP
2) specializing in the assessment and treatment of motor
speech disorders in children reviewed videos of a ther-
apy session (usually mid-point in treatment as a part of
treatment fidelity assessment) and monitored for charac-
teristics of CAS, as listed on the checklist (see appendix
A). This clinician was blind to the child’s assessment
and diagnostic information, including the CAS classi-
fication by SLP 1. Cohen’s Kappa was 0.669 as calcu-
lated between SLPs 1 and 2 based on 30% of the data
set (26/85 children) that was randomly selected using
the ‘RANDBETWEEN’ function in MS Excel. Cohen’s
Kappa scores below 0.40, 0.40–0.75 and over 0.75 are
considered poor, fair to good, and excellent respectively
(Fleiss 1981).

Approval from the Human Ethics Review Commit-
tee at the University of Toronto was obtained for the
study. In addition, individual participating sites pro-
vided local ethics approval as required.

Experimental design

Pre-/post-design

The present study used a pre- and post-treatment design
(pre-/post). This design was not intended to demon-
strate causality but to study the effects of variations in
treatment intensity on outcome measures (Dollaghan
2007). There were two paradigms: a lower intensity
paradigm (45-min sessions, one session a week for
10 weeks = 10 sessions) and a higher intensity paradigm
(45-min sessions, two sessions a week for 10 weeks =
20 sessions). Both paradigms had the same treatment
duration of 10 weeks (this provides a control for
time/maturation effects), but differed in the intensity
of treatment. For this design, assessments were carried
out before and after a 10-week treatment block. The
pre- and post-treatment assessments were generally ad-
ministered over two or three sessions scheduled within a
span of 1–2 weeks. Thus, for example, a 10-week treat-
ment block was preceded and succeeded by 1–2 weeks
of assessments, totalling a 12–14-week study period.

Clinician training

All clinicians providing intervention were qualified SLPs
who prior to the start of this study completed a survey
regarding previous experience and training in working

with children with motor speech disorders. Following
this, the SLPs underwent two multi-day workshops on
the assessment and treatment of children with SSD and
motor speech issues, including CAS. The first two-day
workshop focused on the assessment and treatment of
children with motor speech disorders. Topics covered in
this workshop included basic aspects of speech motor de-
velopment, identifying motor speech disorders, speech
motor hierarchy followed by assessment, goal selection,
treatment techniques, caregiver training and participa-
tion, importance of home practice and resources for
treatment activities. All clinicians were given 276 pre-
sentation slides as handouts.

The second two-day workshop covered the Motor
Speech Treatment Protocol (MSTP) followed by group
and individual case study activities that focused on clin-
ical observation, goal setting, goal progression and other
aspects of treatment planning and execution. All clini-
cians were given a 30-page manual and approximately
200 workshop presentation slides. The manual provided
information on assessment and treatment. Specifically,
the treatment section included information on (1) pre-
cursors to motor learning (motivation and attention),
(2) treatment techniques to support speech skill de-
velopment (multisensory cueing and motor learning
considerations), (3) structure of practice to support ac-
quisition, retention and generalization of motor speech
skills (practice distribution and amount), (4) how to
provide meaningful feedback that improves production
and supports the development of self-monitoring skills
(knowledge of results, knowledge of performance, fre-
quency of feedback), (5) structure of treatment activi-
ties, (6) caregiver education/training strategies and home
practice, and (7) assessing response to intervention.

Following this training, the SLPs completed two on-
line video-based assignments with guided observations
and learning tools. Finally, they piloted the MSTP as
a case study in their own clinics. Treatment plans and
activities for these activities were evaluated by a panel
of experts (first, second and third authors) and feed-
back was given to the clinicians on their performance.
In total, clinicians were provided with approximately 50
hours of training in the assessment and treatment of
developmental motor speech disorders, including CAS.
All clinicians were graded for the quality of their work
and were given quantitative and qualitative feedback re-
lating to the video-based assignments and case study.
The competency levels ranged from 62.5% to 100%
(median = 93.75%; mean = 88.50%; SD = 12.81%)
following training prior to the start of the study.

Clinician assignment (stratified randomization approach)

To account for variability in clinician skill levels (scores
on video assignments and case study; see the clinician
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training section above), differences in training (e.g.
PROMPT certified) and the amount of experience in
working with children with motor speech disorders
(based on post-workshop survey results), a stratified ran-
domization approach was used to assign approximately
50% of clinicians to the lower intensity paradigm and
approximately 50% to the higher intensity paradigm.
This was done to avoid assigning more (or less) experi-
enced/skilled clinicians to one group and biasing results.

In total there were 60 clinicians from 45 different
clinics/centres (representing 31 preschool speech and
language service areas in Ontario) who participated in
the training phase described above. Approximately 46 of
these clinicians were available at the time of randomiza-
tion (23 lower and 23 higher intensity group) to partici-
pate in the research phase of the study. The study design
used an intention-to-treat principle. Although all clin-
icians/participants adhered to their allocated intensity
groups maintaining ‘per protocol’ integrity, there was
significant data attrition. At the time of analysis there
were only completed data sets from 16 and 10 clinicians
for the lower and higher intensity treatment paradigms,
respectively. Clinician attrition was due to several
factors: workplace restructuring, clinician resignation
(unrelated to study), maternity and medical leave, undis-
closed personal reasons, clinic/centre exempted from
study participation by the Ministry of Children and
Youth Services due to funding and/or logistical reasons,
and inability to procure ethics approval (for some clinical
sites) in time for data collection. Although unsystematic
in nature, this attrition resulted in one group (higher
intensity) having a higher number of clinicians (and
consequently participants) than the other group (lower
intensity). Participant data loss (loss to follow-up), on
the other hand, was fairly equal for the treatment groups
(nine for lower intensity; seven for higher intensity) and
was mainly due to audio-video malfunction and illness.

Independent variable (intervention)

The MSTP was the treatment approach used in this
study. It uses motor learning principles in combination
with temporal and multisensory cueing strategies in an
effort to increase speech intelligibility through improved
speech motor control and speech–sound production
(Namasivayam et al. 2013a). Motor learning principles
such as using a combination of mass and distributed
practice, incorporating multiple practice opportunities
and providing feedback relating to both knowledge
of performance (how a movement was executed) and
knowledge of results (the movement’s success) are
integral to MSTP. Treatment progresses from simple
single words to longer, more complex utterances in
order to promote the acquisition and generalization of
the new speech skills (Maas et al. 2008). During therapy,

auditory (‘say ’), visual (‘watch me’), and tactile (phys-
ical prompt) cues are used directly to help the child
alter their speech production pattern. By manipulating
the rate of speech and the delay between the model
and the child’s production, the clinician can structure
the amount of temporal support the child is receiving
(Strand et al. 2006). Tactile cues are generally used to
provide support when gaining control over a movement
(e.g. jaw grading) or for cuing a movement (e.g. lip
rounding) during speech production (Hayden et al.
2010). Treatment goals typically progress hierarchically
beginning at the subsystem level (e.g., jaw, labio-facial,
lingual, etc.; Hayden and Square 1994) at which the
child is demonstrating difficulty. In therapy sessions,
skills are practised in structured play activities using
functional words and phrases that are meaningful to
the child and family.

The overall structure of MSTP session is as follows:
The caregiver is present in the room and participates
in the therapy process. Each session follows the same
routine and begins with the review of home practice.
The clinician spends time speaking with the caregiver
about home practice successes and challenges and then
reviews the material with the child. The focus of the
first therapy activity is the development of new speech
skills. The clinician uses simple materials to reinforce
the child’s production attempts as they practise new tar-
get words/speech movement goals. The next three to
four activities are more naturalistic in nature (e.g. book,
game or craft) and the treatment words are practised as
the clinician and child engage in the activity. The care-
giver participates throughout the session and has the op-
portunity to practise strategies to support his/her child’s
speech development at home. The clinician explains rel-
evant information, demonstrates and coaches the care-
giver during the activity, and ensures the caregiver is able
to do the home practice activity with the child. Strategies
for incorporating the child’s target words/speech move-
ment goals into everyday routines are also discussed.
All treatment sessions are carried out in rooms that are
child friendly, quiet and comfortable with appropriate
décor.

Dependent variables

Treatment-related change was measured based on
changes in the speech–sound system, speech intelligi-
bility and functional communication. These three do-
mains and details on how measures were collected are
described in the following subsections.

Change in the speech–sound system

Change in the speech–sound system was measured pre-
and post-treatment using the Sounds-in-Words subtest
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of the Goldman–Fristoe Test of Articulation—2nd
Edition (GFTA-2; Goldman and Fristoe 2000). While
this test is primarily diagnostic, it also allows SLPs to
track changes post-treatment. This assessment requires
the child to label pictures spontaneously while the SLP
transcribes their productions, noting the articulation
errors at the single-word level. The SLPs administered
the GFTA-2 according to the standardized administra-
tion instructions provided in the manual and scores are
calculated based on the number of articulation errors
the child makes.

Speech intelligibility

Measures. Speech intelligibility was measured at the
word level using the Children’s Speech Intelligibility
Measure (CSIM; Wilcox and Morris 1999) and at the
sentence level using the Beginner’s Intelligibility Test
(BIT; Osberger et al. 1994). Both assessments are often
used to measure the effectiveness of speech therapy as
they evaluate the impact of a SSD on a naive listener’s
ability to understand what a child is saying. The details
of the speech intelligibility assessments are described in
more detail below.

Procedure. Both the word (CSIM) and sentence
(BIT)-level tasks require the child to imitate a word
or sentence after the clinician’s model. In the CSIM,
the child is audio-recorded imitating the SLP model of
50 words. The edited recording is then played to naive
listeners who must select what word the child said from
the closed set of 12 phonetically similar words. A differ-
ent 50-word list is used in the pre- and post-treatment
assessments. For the BIT, the SLP models one of four
10-sentence lists and audio-records the child repeating
the sentence directly after the therapist. The recording
is then played to naı̈ve listeners afterwards (described
below) who must complete the open-set task by writing
down the sentence they hear the child saying.

Stimulus materials. The audio-recordings of the
CSIM and BIT were collected using Zoom digital
recorders with a sampling rate of 44.1 kHz and a res-
olution of 16 bits/sample. The samples were saved as
.wav files and digitally edited using the PRAAT pro-
gram (Version 5.3.21; Boersma and Weenink 2012) to
remove the SLP’s model sentences, verbal instructions
and any additional noise in the recording (e.g., laugh-
ing, other people talking, etc.). Playlists were generated
by pairing the stimulus items preceded by instructional
markers (e.g., ‘List 1’, ‘Item 5’) in order to help the
listeners. Each stimulus item was played twice at an ad-
justed root mean square loudness of approximately 70
dB SPL.

Data collection. For each child there were four audio
files (CSIM and BIT at pre- and post-) which resulted
in a total of 148 audio files for the 37 children. These
148 audio files were divided into 25 playlists of ap-
proximately six randomly chosen files per playlist. Each
playlist was played to a different group of three listeners,
for a total of 75 listeners (25 playlists × 3 listeners).
The naı̈ve listeners (females: 53, males: 22; age range:
18–47 years; mean = 23.5 years; SD = 6.0) were re-
cruited from the University of Toronto. To qualify, in-
dividuals had to report little to no exposure to children
with SSDs and pass a pure tone hearing screening at 1, 2
and 4 kHz at 25 dB HL. Each assessment (BIT or CSIM
at pre- or post-treatment) was judged by three listeners
who were blind to the session type, participant informa-
tion and disorder classification. To control for learning
effects, the same listeners were never used for more than
one assessment and all audio files were played in a ran-
dom order. During the rating sessions, the playlists were
played via headphones (Sony MDR-XD10) connected
to a laptop computer (HP Touch Smart TM2—Intel
Core Duo, 64-bit Windows 7 OS) and a multi-channel
headphone amplifier (PreSonus HP60). This set-up al-
lowed each listener to adjust the volume of the stim-
uli to their own personal comfortable listening level
(Ertmer 2010, 2011). As mentioned above, the listeners
had to either circle the word they heard from a list of 12
words (CSIM) or write down the sentence they heard
(BIT). If listeners were unsure of what they heard, they
were encouraged to guess in both tasks. Scores were
calculated as the percent of words correctly circled in
the CSIM and percent of target words correctly tran-
scribed in the BIT, taken as an average across all three
listeners.

Functional communication

Functional communication was measured using the
Functional Outcomes for Children Under Six tool
(FOCUS; Thomas-Stonell et al. 2010). This 50-item
rating scale was completed both pre- and post-treatment
by the child’s parent as a measure of change in their
child’s ability to communicate in everyday life. The
questionnaire correlates with quality-of-life measures
and has established reliability and validity (Thomas-
Stonell et al. 2010, 2013). It has been approved by the
Ministry of Children and Youth Services as an outcome
measure to be used with children under 6 years of age
in the Province of Ontario.

Treatment fidelity and integrity

Treatment fidelity. A treatment fidelity checklist
specific to the motor speech treatment protocol was
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developed (see appendix B) and includes three key as-
pects of fidelity, namely Section I. Competence, Section
II. Adherence, and Section III. Treatment Differenti-
ation. Sections I and II allow for quantitative analysis,
and Section III involves a binary yes/no response.

� Section I. Competence: This section assessed the
quality or skilfulness with which the therapist de-
livered the treatment and focused on questions
such as whether the motor speech goals were ap-
propriate for the child, whether target sounds,
word shape and vocabulary were appropriate for
the goal and if the clinician could adapt goals ac-
cording to the child’s needs. Section I evaluation
was carried out by a clinician outside of the assess-
ment and treatment process, from The Speech and
Stuttering Institute, who has over 25 years of ex-
perience specializing in assessment and treatment
of motor speech disorders in children (including
those with CAS).

� Section II. Adherence: This concept is defined
as the use of prescribed intervention techniques
in the treatment session and the absence of pro-
scribed practices. Section II captures key ele-
ments such as intervention setting, dosage, prac-
tice schedule, feedback amount, type and delay
that have been previously recognized as neces-
sary for successful motor speech treatment (e.g.
Maas et al. 2008, McCauley et al. 2010). Five
SLPs went through a 6-h training programme on
completing Section II of the treatment fidelity
checklist and practised on three case samples un-
til reaching a 100% consensus on scoring prior
to the start of the study. These SLPs assessed one
video-taped treatment session (midpoint of the
treatment block) and three therapy/lesson plans
(beginning/mid/end) for each participant.

� Section III. Treatment Differentiation: This sec-
tion accounted for whether or not the child re-
ceived any other speech treatment other than the
MSTP during the study (based on weekly parental
report). There was only one participant who re-
ceived additional treatment during the course of
the study. This participant was removed from fur-
ther analysis. The study-wide average fidelity score
was 85.36% (SD = 8.9).

Treatment integrity. Treatment integrity is an aspect
of treatment fidelity and refers to whether or not an
intervention is delivered as planned or intended (Kader-
avek and Justice 2010). The quantity and quality of
treatment administered influences the internal validity
and power of intervention studies and is strongly corre-
lated with treatment gains (e.g. van Otterloo et al. 2006).

Thus, to maintain a high level of treatment integrity the
following measures were implemented:

� Quantity of treatment administered: average du-
ration of each treatment session was fixed at
45 min and number of sessions attended was
greater than/equal to 80% of the recommended
number (i.e., 8/10 or 16/20 sessions for the lower
versus higher intensity paradigm).

� Quality of treatment administered: this was mon-
itored comprehensively at a number of differ-
ent levels: All clinicians were required to submit
(1) one videotape of a typical treatment session,
(2) three therapy session plan forms (one at the
beginning of treatment and one approximately
half-way through treatment and one near the
end of treatment), (3) a clinical progress report
with information on treatment goals, overall suc-
cess levels and recommendations, (4) three quality
of parent–child interaction observation scales in-
cluding one based on the session they videotaped,
and (5) parent weekly log forms (completed by
parents). Parents are partners in the therapy pro-
cess and are integral to the success of therapy.
In fact, it has been shown that treatment out-
comes improve and outcome variability decreases
with consistent home practice provided by the
parent (Günther and Hautvast 2010). Since mo-
tor speech treatment depends heavily on motor
practice and learning, monitoring the quantity
and quality of practice is paramount. Quantity of
home practice (frequency and intensity in min-
utes) was acquired from weekly parental logs and
ranged from a minimum of 126 min to a max-
imum of 2897 min across 10 weeks; mean =
556.61; SD = 462.07). The quality of practice
was monitored using the five-point parent–child
interaction scale (van Otterloo et al. 2006), which
was adapted to monitor (1) the child’s focus dur-
ing the therapy activity, enthusiasm and respon-
siveness to parent (Part 1—Child-centred) and
(2) the parents’ understanding of their child’s
speech difficulties, their observational skills, their
ability to use a variety of strategies and provide
appropriate feedback to support speech develop-
ment (Part II—Parent-centred).

Data reliability

Five qualified SLPs performed blind assessments of
approximately 40–50% of the entire data set pertaining
to the GFTA-2 (Goldman and Fristoe 2000) based on
audio/video recordings of the assessment sessions. A
point-by-point agreement index was derived by com-
paring broad transcriptions (diacritics were excluded)
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obtained by each rater for the ‘Sounds-in-Words’ subtest
of the GFTA-2. The average inter-rater reliability (per
cent agreement) was 83.8%.

Statistical analysis

The assumption of homogeneity of variance (Levene’s
Test of Equality of Variances) was violated for some
variables (e.g., for GFTA-2), hence a repeated-measures
analysis of variance (ANOVA) was not completed.
Further, data transformation procedures (log, square
root or arcsinh) to compensate for unequal variances
can be applied only if difference scores are non-negative
(Osborne 2002, Zumel and Mount 2013). In the
present study, some participants did not show improve-
ments with treatment, hence had zero or even negative
scores. Data transformation of such scores would not
result in meaningful values (Zumel and Mount 2013).
Furthermore, the higher intensity group had almost
twice the number of participants (N = 21) compared
with the lower intensity group (N = 12). Given these
unequal group sizes, it was decided to split the higher
intensity group into two smaller groups (randomly
(RND) split into RND 1 (N = 10) and RND 2 (N =
11) and run separate paired t-tests for each treatment in-
tensity (Nimon 2012). The two higher intensity groups
were then compared with the lower intensity group.
This procedure is similar in concept to that of boot-
strapping and statistical resampling methods reported
in the literature (e.g. Efron 1979, Liu and Singh 1992).
Similar results across two randomly selected higher
intensity groups would strengthen the robustness of the
findings and the generalizability of the results. Further,
to assess group (lower versus higher) similarity at base-
line independent sample t-tests were conducted for all
variables.

Several statistical assumptions must be met before
t-tests can be applied (Rietveld and Van Hout 2013,
Wilcox 2010). These include assumption of normality
of the difference scores, assumption of equal variances
between the groups (Pitman’s test; Pitman 1939), non-
significant skewness and kurtosis of difference scores
and assumption of non-significant interaction between
participants and treatment (Tukey’s Test of Additivity).
The results of the tests indicated normality of the
difference scores, non-significant interaction between
participants and treatment, equal variances between the
groups for most variables (with the exception of BIT
showing a decrease in post-treatment SD; p = 0.04)
and non-significant skewness and kurtosis for difference
scores. With these assumptions met, paired two-tailed
t-tests were carried out for each variable across lower and
higher intensity groups (RND lists 1 and 2 separately).
Since multiple significance tests were conducted for
four dependent variables, a Bonferroni correction was

applied (0.05/4 = 0.0125) to maintain the alpha level
at 0.05. To assess magnitude of change as a function
of treatment intensity, effect sizes were calculated using
Cohen’s d statistic corrected for dependence between
the means (Cohen 1988, Morris and DeShon 2002)
where 0.2, 0.5 and 0.8 are typically referred to as small,
medium and large effects, respectively.

Results

Independent sample t-tests indicated that GFTA-2 stan-
dard score (t(31) = 1.2, p = 0.22), FOCUS (t(30) =
–0.54, p = 0.58), CSIM (t(23) = 0.57, p = 0.57),
and BIT (t(20) = –0.16, p = 0.87) baselines were sim-
ilar across lower and higher intensity groups. Results
from paired two-tailed t-tests indicate that lower inten-
sity treatment (table 1) does not yield any significant
pre-/post-change across any of the dependent variables.
On the other hand, both higher intensity groups (RND
lists 1 and 2; tables 2 and 3) yield significant results for
changes in articulation (GFTA-2 standard score) and
functional communication (FOCUS scores). Neither
lower nor higher intensity treatment yielded a significant
change for speech intelligibility at the word or sentence
level. Variables with significant pre-/post-change are in-
dicated by ∗ in table 2 and 3. Additionally, for higher
intensity treatment, 95% confidence intervals (CI) do
not encompass zero indicating robust effects for most
variables, except for sentence-level speech intelligibility
scores (BIT). For lower intensity treatment, 95% CI en-
compass zero for two (GFTA-2 standard scores and BIT)
of the four variables. Figures 1 and 2 depict pre-/post-
treatment changes across dependent variables for both
lower and higher intensity (RND lists 1 and 2) groups.
Overall, these results indicate that for participants with
CAS, 1×/week MSTP intervention does not result in
positive and significant treatment benefits. In contrast,
there are clear, robust and significant treatment benefits
for this population with the higher intensity treatment.

Cohen’s d was calculated for the mean difference
between pre-/post-treatment for the lower and higher
intensity groups (RND lists 1 and 2). In general, MSTP
treatment yielded large positive effect sizes for most vari-
ables (except for sentence-level speech intelligibility).
Figure 3 indicates large effect sizes for articulation
(GFTA-2 standard score) and functional commu-
nication outcomes (FOCUS scores) in the higher
intensity treatment groups relative to the lower inten-
sity group. The speech intelligibility outcome measures
yielded mixed results. With regards to word-level speech
intelligibility (CSIM scores), both the lower intensity
treatment group and one of the higher intensity treat-
ment groups (RND 1) had similar and large effect sizes,
whereas the RND 2 higher intensity group had a smaller
effect size. For sentence-level speech intelligibility (BIT
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Table 1. Data for the lower intensity group across all variables: paired samples test—lower intensity group

Paired differences

95% Confidence
interval of the difference

Mean SD
Standard error of

the mean Lower Upper t d.f. p (two-tailed)

GFTA-2 Pre-/Post-standard score −4.0833 7.8446 2.2645 −9.0676 0.9009 −1.803 11 0.099
FOCUS Pre-/Post −27.727 35.003 10.554 −51.243 −4.212 −2.627 10 0.025
BIT Pre-/Post −0.08833 7.03181 2.87073 −7.46777 7.29110 −0.031 5 0.977
CSIM Pre-/Post −7.39286 7.19651 2.72003 −14.04852 −0.73719 −2.718 6 0.035

Note: Bonferroni corrected p-value = 0.0125.

Table 2. Data for the higher intensity group (RND list 1) across all variables: paired samples test—higher intensity RND List 1

Paired differences

95% Confidence
interval of the difference

Mean SD
Standard error of

the mean Lower Upper t d.f. p (two-tailed)

GFTA-2 Pre-/Post-standard score −7.5000 4.1966 1.3271 −10.5020 −4.4980 −5.652 9 0.000∗

FOCUS Pre-/Post −30.900 29.233 9.244 −51.812 −9.988 −3.343 9 0.009∗

BIT Pre-/Post −6.12833 12.78660 5.22011 −19.54705 7.29038 −1.174 5 0.293
CSIM Pre-/Post −9.42833 7.39128 3.01748 −17.18500 −1.67166 −3.125 5 0.026

Note: ∗Significant at Bonferroni corrected p-value = 0.0125.

Table 3. Data for the higher intensity group (RND list 2) across all variables: paired samples test—higher intensity RND List 2

Paired differences

95% Confidence
interval of the difference

Mean SD
Standard error of

the mean Lower Upper t d.f. p (two-tailed)

GFTA-2 Pre-/Post-standard score −4.818 3.894 1.174 −7.434 −2.202 −4.104 10 0.002∗

FOCUS Pre-/Post −36.364 32.113 9.682 −57.938 −14.790 −3.756 10 0.004∗

BIT Pre-/Post −0.33500 7.74900 2.45045 −5.87830 5.20830 −0.137 9 0.894
CSIM Pre-/Post −7.88800 8.41439 2.66086 −13.90729 −1.86871 −2.964 9 0.016

Note: ∗Significant at Bonferroni corrected p-value = 0.0125.

scores) a moderate effect size was evident for only one
of the higher intensity groups (RND 1).

Discussion

The primary purpose of the present study was to explore
the effects of treatment intensity on outcome measures
for children with CAS undergoing motor speech inter-
vention. A secondary purpose was to assess the mag-
nitude of change as a function of treatment intensity
across outcome measures in this population.

Results indicate that both higher intensity groups
(RND lists 1 and 2; tables 2 and 3) yielded signifi-
cant results for changes in articulation (GFTA-2 stan-
dard score) and functional communication (FOCUS
scores). However, lower intensity treatment (table 1)
did not yield any statistically significant results. Im-
portantly, there were no significant changes in speech

intelligibility scores (for word or sentence level) across
either treatment intensity. In general, higher intensity
treatment produced large effect sizes for the articulation
(GFTA-2 standard score) and functional communica-
tion variables (FOCUS scores) and moderate effect sizes
for sentence-level speech intelligibility (BIT for higher
intensity RND list 1; figure 3). On the other hand,
lower intensity treatment yielded relatively smaller effect
sizes than higher intensity treatment for articulation and
functional communication, but for word-level speech
intelligibility (CSIM) both lower and higher intensity
(RND 1) treatments resulted in similar magnitude of
effect sizes. For sentence-level speech intelligibility (BIT
scores) only one higher intensity treatment group (RND
1) showed moderate effect sizes.

In general, these data indicate that individual
motor speech treatment (MSTP) delivered 2×/week
is effective in improving articulation and functional
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Figure 1. Pre-/post-treatment changes in GFTA-2 standard score and functional outcomes (FOCUS score) across lower and higher intensity
treatments (RND lists 1 and 2).

communication in children with CAS. Additionally,
children with CAS who received 2×/week individual
treatment significantly outperformed those that re-
ceived 1×/week treatment. This finding is consistent
with recent data reported from various treatment ap-
proaches with other populations (SSD/developmental
delay/autism spectrum disorders (ASD)) and provides
evidence to support the general idea that a more
intensive intervention may yield better outcomes (Allen
2013, Schooling et al. 2010).

With regards to articulation scores, the mean pre-
treatment GFTA-2 standard scores and the amount of
change in scores following MSTP intervention in the
current study are similar to those reported in the liter-
ature. In the present study, the mean pre-treatment ar-
ticulation (GFTA-2) standard score of 58.63 (figure 1)
for children with CAS is similar to those reported in
the literature (e.g. mean GFTA-2 standard score of 53;
Preston et al. 2013: 630). These scores are slightly more
severe than those reported for children with SSD with
motor speech involvement without CAS (e.g. mean
GFTA-2 standard score of 63.67; Namasivayam et al.
2013b). However, a more careful examination of the
raw data from these original studies (Preston et al. 2013:
630, table 1; Namasivayam et al. 2013b: table 3) in-
dicates an overlap of GFTA-2 standard scores between

those children with CAS and those with SSD with mo-
tor speech involvement without CAS. This overlap in
scores is not surprising as the GFTA-2 scores represent
an assessment of consonant speech–sounds at the single
word level and are less likely to capture the difficulties
in motor planning and/or sequencing that children with
CAS tend to demonstrate (Namasivayam et al. 2013b).
With regards to treatment change, only higher inten-
sity treatment yielded significant changes in articulation
scores following MSTP intervention (tables 2 and 3).
Mean change following MSTP intervention in GFTA-2
standard scores was 4.0 for the lower intensity group
and 7.5 and 4.8 for higher intensity groups (RNDs
1 and 2, respectively).

In terms of functional communication outcomes
(FOCUS scores), effect sizes for both the lower and
higher intensity groups were generally large (> 0.8),
with greater magnitudes for the higher intensity groups
(> 1.5) compared with the lower intensity group (1.12).
The mean difference (pre-/post) in FOCUS scores in the
present study is 27 points for the lower intensity treat-
ment group and 30–36 points for the higher intensity
treatment groups (tables 1–3). These mean differences
are well above what is considered the minimal clini-
cally important difference (MCID = delta FOCUS >
16 points; Thomas-Stonell et al. 2013). Delta FOCUS
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Figure 2. Pre-/post-treatment changes for word (CSIM) and sentence-level (BIT) speech intelligibility across lower and higher intensity
treatments (RND lists 1 and 2).

scores from the present study are also larger than those
reported recently by Thomas-Stonell et al. (2013). In
their paper, children with speech impairments (mean
age = 3.75 years; SD = 0.78) comprising of children
with cleft palate, cerebral palsy and other syndromes re-
ceiving an average of 8.7 hours of treatment targeting
articulation/phonology and intelligibility were found to
have delta FOCUS scores of 18 points. The difference
in scores between the current study and Thomas-Stonell
et al.’s is to be expected due to several reasons. First, there
is a difference in hours of treatment received with 10–
20 hours (lower and higher intensity treatments, respec-
tively) in the current study versus an average of 8.7 hours
in Thomas-Stonell et al.’s study. Also, the treatment de-
livery varied between the studies with the current study
delivering individual treatment and Thomas-Stonell et
al.’s study reporting a combination of group and individ-
ual treatments. Finally, the populations between the two
studies are different with Thomas-Stonell et al.’s study
including children with medical diagnoses of structural
and neurological disorders and the current study exclud-
ing such participants. Despite these differences, it is still
noteworthy that the present findings indicate that chil-
dren with CAS receiving only 10 hours of motor speech
treatment can produce a minimally clinically important
difference or functional change.

Despite the large effect sizes for articulation, func-
tional outcomes and word-level speech intelligibility,
connected speech intelligibility (e.g. at the sentence
level) demonstrates negligible change even with a
2×/week 10-week treatment block (e.g. as seen in the
higher intensity RND 2 group). These speech intelligi-
bility results are in contrast to children with SSDs with
motor speech involvement without CAS (Namasivayam
et al. 2013b). In the study by Namasivayam et al.
(2013b), pre-treatment CSIM and BIT scores for chil-
dren with SSDs with motor speech involvement with-
out CAS were approximately 50% and 40%, respec-
tively, whereas children with CAS in the present study
demonstrated pre-treatment scores between 15% and
20% for CSIM and between 7% and 9% for BIT
(figure 2). Summarizing the data from the current study
and that from Namasivayam et al. (2013b), the ratio
of word to sentence-level speech intelligibility scores is
higher in children with CAS (15–20/7–9 = 2.14–2.22)
than for children with SSD with motor speech involve-
ment without CAS (50/40 = 1.25). A similar word
to sentence-level speech intelligibility ratio of 1.6 was
also found in a group of children with moderate to se-
vere SSD with motor speech involvement without CAS
(Namasivayam et al. 2013a). This ratio has important
ramifications: the higher ratio may indicate an increased
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Figure 3. Within-group effect size (Cohen’s statistic for various measures pre- and post-treatment for lower intensity and higher intensity
(RND lists 1 and 2) groups.

demand on the speech motor system when producing
longer and more complex utterances (Maner et al. 2000,
Pennington et al. 2009). This increased demand on the
speech motor system may have more adverse effects on
connected speech (sentence level) intelligibility scores
in children with CAS than in children with SSD with
motor speech involvement without CAS.

Importantly, even with a 2×/week 10-week block
of intervention children with CAS are not yet at an
acceptable speech intelligibility level for their age.
Typically developing children between 3 and 6 years old
are expected to have sentence-level intelligibility (BIT)
scores that approximate 71–99% (Chin et al. 2003).
Several researchers have pointed out that speech that is
< 60% intelligible is difficult for unfamiliar listeners to
understand and may negatively impact a child’s inter-
action in social settings (Ertmer 2010, Monsen 1981,
Monsen et al. 1988). Further, Gordon-Brannan and
Hodson (2000) have indicated that children with speech
intelligibility scores of < 66% should be considered
potential candidates for intervention. The speech intel-
ligibility outcomes from the present study indicate that
children with CAS may need additional intervention
beyond the 2×/week 10-week block. In fact, a second
consecutive block may be recommended for those
who continue to present with a severe SSD and poor
intelligibility following the initial intervention block.

There are several limitations in the present study.
First, although these data were from a large-scale study,
there was a significant clinician attrition that resulted
in an imbalance in participant numbers between lower
and higher treatment intensity groups. Second, there

may be potential power issues underlying the lack of
statistical significance for some variables. The achieved
(post-hoc) power was estimated based on effect size,
sample size and alpha levels using G∗Power 3.1.9.2 (Faul
et al. 2009). The analysis revealed low power for speech
intelligibility at the sentence level (BIT) for both lower
(5%) and higher treatment intensity groups (RND 1 =
21%; RND 2 = 5%) and for articulation scores (56%;
GFTA-2) in the lower intensity treatment group. The
achieved power was > 85% for all other variables across
treatment intensity groups. Thus, not all non-significant
results in the study are due to statistical power issues.
For variables such as sentence-level speech intelligibility
(BIT scores), the effect sizes were also extremely small,
suggesting limited change due to treatment.

Third, overall the data from the present study indi-
cates that children with CAS who received 2×/week mo-
tor speech treatment improved significantly in relation
to those who received 1×/week treatment. However, it
is important to note that in the current study we have
controlled for ‘total intervention duration’ (10 weeks)
while manipulating ‘dose frequency’ (number of hours
of intervention over specified period of time: 1× or
2×/week; Warren et al. 2007). Future studies might be
directed towards investigating the possibility of whether
more sessions for the lower intensity group accumulated
over a longer period of time (e.g. 20 sessions over 20
weeks) might yield similar effects to the higher intensity
group (20 sessions over 10 weeks). These studies would
have to carefully design control conditions to address
confounding factors such as increased total intervention
duration and changes due to maturation.
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Conclusions

While intensive treatment has been previously recom-
mended for the treatment of children with CAS, differ-
ences in treatment outcomes as a function of treatment
intensity have not been systematically studied in this
population. The present study contributes to the lim-
ited evidence base on treatment efficacy in this popu-
lation by investigating speech and functional outcomes
in a group of preschool age children with CAS subse-
quent to 1×/week (lower intensity) or 2×/week (higher
intensity) individual motor speech treatment. Results
from this study corroborate previous recommendations
regarding the benefits of higher intensity treatment pro-
grammes for children with CAS (ASHA 2007, Maas
et al. 2008, Strand et al. 2006). Overall, children with
CAS who received 2×/week (higher intensity) indi-
vidual MSTP intervention for 10 weeks demonstrated
significantly better outcomes for articulation and func-
tional communication compared with those who re-
ceived 1×/week (lower intensity) intervention. Further,
lower intensity intervention yields smaller effect sizes
than higher intensity treatment for most variables (ex-
cept CSIM). However, a single, 10-week block of treat-
ment delivered 1× or 2×/ week does not significantly
improve word- or sentence-level speech intelligibility in
children with CAS. This suggests that speech intelligi-
bility may need more than one block of intervention to
significantly improve in this population. In the future,
the results of the current study may allow for modifica-
tion of service delivery and facilitate the development of
an evidence-based care pathway for children with CAS.
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